Abstract
45
The self-assembly process of amyloid proteins, including -syn, has led to the 
90
In the current study, this hypothesis is tested by direct visualization of -syn 91 aggregation on the surfaces of supported lipid bilayers (SLBs) using time-lapse atomic 92 force microscopy (AFM). We demonstrate that SLBs catalyze the aggregation of -syn at 93 -syn concentrations as low as 10 nM, which corresponds to the concentration range in 94 the CSF (Wang et al, 2012) . Aggregation kinetics are found to be dependent on SLB 95 composition, being considerably higher for 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho- 
Results and Discussion

107
Experimental AFM studies of -syn aggregation on lipid bilayers 108 Lipid bilayers were assembled on the surface of freshly cleaved mica, using the approach and an equimolar mixture of the two. The time-lapse AFM studies require that the bilayer 113 is stable during the entire multi-hour AFM experiments. Additionally, the surface needs 114 to be smooth, so protein aggregates can be detected as they are formed. We developed a 115 procedure to assemble POPC and POPS bilayers, with no defects, over areas as large as 4 116 µm x 4 µm (Figure 1b and Appendix Figure S1 ). Each surface was tested for smoothness 117 and stability prior to AFM studies of -syn-membrane interactions. The stability and 118 smoothness of the bilayer with the defect-free topography is illustrated in Appendix 119 Figure S1 . Only such smooth surfaces were used to conduct experiments.
120
After exchanging the buffer with a solution of -syn, the bilayer was observed by The results are assembled as Appendix Figure S2 . Qualitatively, aggregation on APS 131 mica exhibits a similar trend to the POPC bilayer, with aggregates appearing after 3 h 132 incubation (Appendix Figure S2e) . However, the aggregation is less efficient as measured 
136
To test the effect of the bilayer composition on -syn aggregation, experiments 137 were done with POPS bilayers. POPS shares hydrocarbon chains with POPC but has a 138 serine head group that, at physiological pH, renders the surface negatively charged, 
143
The volume distribution histograms at each time point are shown in Figure EV1 and Table 1 ).
150
The aggregation of -syn on a bilayer consisting of an equimolar mixture of time-dependent accumulation of -syn aggregates in solution above the bilayer surface.
177
To achieve this, aliquots were taken from the bulk solution (above bilayers), deposited on 
202
A similar analysis was performed for the -syn interaction with a POPS bilayer. repeats as more proteins appear leading to the assembly of larger oligomers (scheme d).
293
The assembled oligomer can dissociate from the surface to the intracellular space starting 294 the neurodegeneration effect (scheme e).
295
One of critical properties of the on-surface aggregation process is that the acidic to zwitterionic phospholipids increases in PD brain (Riekkinen et al, 1975 
319
The proposed model is a significant departure from the current amyloid 
Preparation of SLBs
379
We followed a published protocol with minor modifications (Shlyakhtenko et al, 2013 2015). Only the final frame of each bilayer simulation was used for further simulations.
424
Micelle-bound α-syn (PDB ID: 1XQ8) was used as the initial protein structure. A coarse-425 grained structure was generated using the martinize.py script and the PDB structure. The 426 coarse-grained α-syn structure was then placed at a COM distance of 6 nm from the 427 bilayer core in a parallel orientation (along the long protein axis) to the bilayer. The 428 system was then solvated in a box of 13x13x18 nm 3 water and 150 mM NaCl. The 429 simulation procedure was the same as previously described for bilayers alone, with the 430 exception that the simulation duration was 4 s for each protein-bilayer system.
431
Simulations with membrane-bound and additional free α-syn were conducted using the for both POPC and POPS were carried out for 2 s each using the previously described resolved stability is presented in Figure S6 . 
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The α-syn N-terminal segment is colored blue, the NAC region is in green, and the C-
65
terminal segment is in red. N-and C-terminal residues are highlighted with a sphere.
66
Lipid tails are in grey, while the POPC and POPS head groups are in purple and blue, 67 respectively. Oligomer dissociates from the membrane to the bulk solution. Movie EV2. MD simulation of α-syn interaction with a POPS lipid bilayer. The stable binding event of α-syn to the bilayer is shown. α-syn N-terminal segment is colored blue, NAC region is in green, and the C-terminal segment is in red. N-and C-terminal residues are highlighted with a sphere. Lipid tails are in grey, while the POPS head groups are in blue.
Movie EV3. MD simulation of a free α-syn interacting with a membrane bound α-syn on a POPC bilayer. The binding of α-syn to the bilayer is shown. α-syn N-terminal segment is colored blue, NAC region is in green, and the C-terminal segment is in red. N-and C-terminal residues are highlighted with a sphere. Lipid tails are in grey, while the POPS head groups are in blue.
